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Background: Acute poisoning is a major public health issue in many parts of the world. The epidemiology and the
mortality rate is higher in low and middle income countries, including Sri Lanka. The aim of this study was to
provide details about the epidemiology of acute poisoning in a rural Sri Lankan district and to identify the
changing patterns and epidemiology of poisoning.
Methods: A prospective study was conducted from September 2008 to January 2010 in all hospitals with inpatient
facilities in Anuradhapura district of North Central Province of Sri Lanka. Acute poisoning data was extracted from
patient charts. Selected data were compared to the data collected from a 2005 study in 28 hospitals.
Results: There were 3813 poisoned patients admitted to the hospitals in the Anuradhapura district over 17 months.
The annual population incidence was 447 poisoning cases per 100,000 population. The total number of male and
female patients was approximately similar, but the age distribution differed by gender. There was a very high
incidence of poisoning in females aged 15–19, with an estimated cumulative incidence of 6% over these five years.
Although, pesticides are still the most common type of poison, medicinal drug poisonings are now 21% of the
total and have increased 1.6 fold since 2005.
Conclusions: Acute poisoning remains a major public health problem in rural Sri Lanka and pesticide poisoning
remains the most important poison. However, cases of medicinal drug poisoning have recently dramatically
increased. Youth in these rural communities remain very vulnerable to acute poisoning and the problem is so
common that school-based primary prevention programs may be worthwhile.
Lalith Senarathna, Shaluka F Jayamanna, Patrick J Kelly, Nick A Buckley,michael J Dibley, Andrew H Dawson. These
authors contributed equally to this work.Background
Acute self poisoning is a major public health issue in
many countries around the world. In developing coun-
tries such as Sri Lanka the reported mortality of 10% is
significantly higher than the 0.5% reported in high in-
come countries [1,2]. In Sri Lanka, acute poisoning is
among the leading ten causes of hospital death [3,4].
The highest incidence is reported from rural districts.
The high mortality reflects the wide availability of highly
toxic compounds such as pesticides [5] and limited
resources to treat poisoned patients in rural primary* Correspondence: l_senarathna@hotmail.com
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distribution, and reproduction in any mediumhospitals [1,6]. Recent studies in urban Sri Lanka dem-
onstrate an increase in poisoning with pharmaceuticals
[7]. The type of poisoning is influenced by availability as
well as other factors such as prior knowledge about the
poison and its effects gained through different means of
communication and information including media [8].
More recent data highlighting longitudinal trends may
have implications for health-care planning.
We aim to describe the epidemiology of poisoning in
a rural district of Sri Lanka; the type of poisoning, the
age and gender distributions of poisoning patients. We
also examine the changing patterns of poisoning by
comparing similar data collected from 28 of these hos-
pitals in the same district in 2005 [9] with the corre-
sponding subset from 2009.tral Ltd. This is an Open Access article distributed under the terms of the
/creativecommons.org/licenses/by/2.0), which permits unrestricted use,
, provided the original work is properly cited.
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We prospectively collected 17 consecutive months of data
on all admissions of poisoned patients in all hospitals in a
rural district of Sri Lanka, including primary care periph-
eral hospitals and a secondary care hospital. The observa-
tional patient data collection in this study was conducted
as a part of a cluster randomised controlled trial
(ISRCTN73983810) of a brief educational intervention
promoting poisoning treatment guidelines to hospital staff
members. As this intervention was not directed to the
community or patients it should not influence the inci-
dence of poisoning. Data were collected for all patients ad-
mitted to all hospitals in Anuradhapura District of North
Central Province of Sri Lanka, where poisoning has been
in the top five causes of hospital deaths for the last 10
years. Anuradhapura district has a total population of
820,000 people (all ages) with 418,435 males and 401,567
females according to mid 2009 census data. This popula-
tion is scattered in a land area of 7179 km2 (717900 hec-
tare) with a population density of 114 persons per km2
(1.1 per hectare) [10]. The demographic details and socio-
economic status of the population and health care service
delivery of this rural district are similar to other rural dis-
tricts of Sri Lanka [10].
There are 34 peripheral hospitals and one secondary
care hospital, which serves as the referral centre for the
study district. The peripheral hospitals operate as pri-
mary health care centres, and the first contact with the
health care network. They all provide initial treatment
for poisoned patients but transfer the majority of them
to secondary care hospitals, which have medical inten-
sive care units with specialised staff and better stocks of
antidotes and medications.
Data collection
The data collection from all consecutive poisoned
patients admitted into all hospitals was started on Sep-
tember 2008 and continued up to January 2010. Details
of all the patients who were 12 years of age or older, and
who had a history of acute poisoning ingestion, were
collected in this study. The patient records were com-
pared to the admission log books in each hospital to en-
sure no patients were missed or wrongly diagnosed
during data collection.
In peripheral hospitals, the staff members confirmed
the exposure details of each patient on admission usually
after viewing the poison product label/bottle, or seeing
the remaining parts of the poison. In addition, family
members and clinical symptoms were used to provide
confirmation. Exposure, clinical assessment, treatment
and outcome details were recorded in the patients’ case
notes by the treating medical staff. Trained research
assistants extracted these data from case records using a
structured data collection form. The peripheral hospitalpatients who were transferred from peripheral hospitals
to secondary care hospitals were followed up to record
their hospital outcome. This was done by linking their
outcome details with the peripheral hospital details by
using simple algorithm which used hospital name, age,
gender, date/time and poison type information. This
linking also prevented double counting or repeat entry
of individual patients. Coroners and police records were
checked in the study district for any cases of out of hos-
pital deaths from poisoning that may have occurred dur-
ing the study period.
Data on patients who were admitted to the secondary
hospitals in Anuradhapura district was collected as a
part of an ongoing prospective observational cohort
study [5]. This study collected the same data recorded in
the peripheral hospitals plus additional clinical data from
clinical examination. These details were prospectively
entered in to this database by medically trained research
assistants.
To assess changes in the patterns of poisons used and
rates of admissions for poisoning, a comparison was
made with data from a previous cross-sectional study
conducted in 28 of these hospitals from July to Decem-
ber 2005 [9]. This study used the same methodology as
the current study of peripheral hospitals. The difference
was that in the 2005 study a retrospective review of
admissions was undertaken for the previous 6months
whereas in the subsequent peripheral hospital study the
retrospective review was conducted on average every 3
weeks. In both studies retrieved notes were checked
against the ward log of all admissions to ensure no cases
were missed. The 2005 data was compared with data
collected from the same hospitals during the same time
of the year -July to December 2009. The same calendar
months were used to minimise any variations in poison
types during the year that might be related to seasonal
variations in agricultural practises.
Statistical analysis
Summary statistics were used to describe age, gender, and
the types of poisons used by patients. 95% confidence
intervals (CI) were calculated for differences in propor-
tions where indicated. Chi-squared tests were used to
compare between the proportions of patients according to
the poison types ingested. The estimated mid-year popula-
tion for 2009 in Anuradhapura district [10] was used to
calculate the population incidences (poisoning admis-
sions/population by age group/sex and poison).
Ethical approval
This study protocol was reviewed and approved by the
Human Research Ethics Committee of University of Syd-
ney, Australia (Ref Number: 12083) and the Ethics Re-
view Committee of University of Peradeniya, Sri Lanka.
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Epidemiology of poisoning
There were 3813 adult poisoned patients (above 12 years
of age) admitted to all hospitals in Anuradhapura district
of North Central Province of Sri Lanka during the 17
month data collection period. 3111 of these were first
admitted to peripheral hospitals; 2287 (73.5%) patients
were then transferred to the secondary care hospital for
further treatment, 808 (26.0%) patients were discharged
after treatment or left against medical advice, and 16
(0.5%) patients died in the peripheral hospital.
These poisoned patients ranged in age from 12 to 86
years with a median age of 24 years (IQR 19 to 35), and
1951 (51.2%) were females. The annual population inci-
dence for the adult population (above age 15 years) in this
area was 447/100,000 while the population incidence for
females in the same age group was slightly higher than
males (458 Vs 430/100,000). For the age group of 12 – 14
years, the estimated annual incidence was 101.5/100,000
for males and 246.2/100,000 for females.Age and gender variation
There were 21 patient records found without age and
excluded from age related comparisons. This group had
similar characteristics to the rest of the study population.
Overall, patients were young, with 30% in 12 to 20 years
range of age and over 50% less than or equal to 30 years
of age (Table 1). The total numbers of male and female
poisoning admissions were approximately similar, but
the age distribution differed greatly between genders
(Table 1). There were many more young female patients.
In contrast, there was a larger proportion of middle aged
and older males.
This is further demonstrated in the population inci-
dence of male and female poisoning. The highest popu-
lation incidence of 1226/100,000 was observed for
females aged 15 to 19 years of age. Among this group of
males it was 465/100,000. The incidence was higher in
males than females over 30 (Figure 1), but declined in
both sexes with increasing age.Table 1 The age distribution of male and female
poisoned patients admitted September 2008 – January
2010 to hospitals in Anuradhapura District, Sri Lanka
Age groups Males n (%) Females n (%)
12 - 19 318 (17.1) 782 (40.1)
20 – 29 626 (33.9) 738 (38.0)
30 – 39 357 (19.3) 250 (12.9)
40 – 49 306 (16.6) 110 (5.7 )
50 - 59 169 (9.1) 41 (2.1)
60 & Above 73 (4.0) 22 (1.1)
Total 1849 1943Types of poison
Pesticides including organophosphates, carbamate, her-
bicides and other unspecified pesticides were the most
common agents used in poisoning in this rural district
(1572 in total) (Table 2) and accounted for 41% (1572/
3813) of the total admissions. This was followed by
pharmaceuticals which accounted for 21% of all poison-
ings. Nearly half of these (45.4% (359/790)) were due to
paracetamol. There was no other single pharmaceutical
which featured prominently; the others were a wide
range of prescribed drugs from antihypertensive, anti-
psychotic, anti-asthma and analgesic therapeutic classes.
Yellow oleander (Thevetia peruviana) seeds were
ingested by 392 (10.3%) patients.
The majority (84%) of patients who ingested medicines
were less than 30 years of age and 69% of were females.
For organophosphates, carbamate and paraquat, which
are considered to be more toxic with higher mortality
and morbidity, ingestion by males over twenty years old
was higher than their female counterparts (Table 3).Mortality rates
No deaths were identified to have occurred out of hospital.
Within hospital 177 patients died during the study period
and the over all mortality was 4.6%. The highest mortality
was reported inmales 30 to 49 years of age and this group
accounted for 32% (56 deaths) of the total deaths. Amongst
females, the highest mortality was reported in the 20 – 29
year age group which had 29 deaths (16% of total deaths).
Pesticides, including paraquat and organophosphates,
caused most deaths (Table 4). Only 16 deaths occurred in
peripheral hospitals, but there were 161 deaths in the sec-
ondary care hospital. However, 139 /161 secondary care
hospital deaths were in patients transferred from peripheral
hospitals. The population incidence in this district for all
poisoning and pesticide poisoning death for people above
15 years of age was 21.5 and 11.6/100,000, respectively.Comparison of 2005 and 2009 data
There were 743 patients admitted to 28 peripheral hos-
pitals during the 6months from July to December 2005
and 769 admitted to the same hospitals during the same
months in 2009. There were only four and five deaths in
these peripheral hospitals during 2005 and 2009 study
periods respectively.
The median age and proportion of female patients
were similar in 2005 and 2009. The types of poison
ingested by patients changed from 2005 to 2009
(χ2=32.89, df=7, p=<0.001) (Table 5). In 2005, the num-
ber of patients with medicinal drug poisoning was low
compared to pesticides and yellow oleander poisoning.
Four years later medicine poisoning had increased 1.6























































Figure 1 Estimated population incidence of acute poisoning for different age groups in Anuradhapura District of Sri Lanka –
Calculated by using data from September 2008 to January 2010.
Table 2 The types of pesticides ingested by self poisoned
patients during September 2008 to January 2010 in
Anuradhapura district, Sri Lanka
















Bispyribac sodium 22 (1.4)
Fenoxaprop-p-ethyl 20 (1.3)
Other insecticides 178 (11.3)
Other herbicides 112 (7.1)
Unknown pesticide 92 (5.9)
Total 1572
#Methyl-4-Chlorophenoxyacetic acid.
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than 30 years, particularly in the teenage group.Discussion
This study reveals that the pattern of acute self poison-
ing is changing remarkably over just a few years in rural
Sri Lankan districts with medicine (pharmaceutical) poi-
soning increasing rapidly. The population incidence of
acute self poisoning was very high in this setting with
young women being the most vulnerable. Although the
crude country estimates of acute self poisoning appear
to be similar across many low and middle income coun-
tries [11], there are important differences in the patterns;
for example the type of poison, age and gender distribu-
tion and patient outcome. The type of poison (and con-
sequently the lethality of deliberate self-poisoning) may
vary according to accessibility of agents [11,12]. Most of
the global death toll from pesticides is in the Asian re-
gion, where many people have ready access to pesticides
[13].
Rural Sri Lanka shares this very high incidence of
pesticide poisoning. The overall population incidence of
self poisoning in the Anuradhapura district of Sri Lanka
(447/100,000) appears to be higher than that reported
from detailed surveys in other countries. For example, it
is higher than reported rates from Oxford, UK (350/
100,000) [14], Newcastle, Australia (266/100,000) [15],
Mashhad, Iran (390/100,000) [16], and Oslo, Norway
(200/100,000) [17].
Table 3 The demographics of patients admitted with self poisoning by type of poison. Data from Anuradhapura







































12 - 19 7 11 7 10 8 17 7 37 16 24 8 18
20 - 29 18 15 33 13 19 16 9 32 19 18 17 17
30 - 39 16 8 10 1 12 6 2 7 6 7 10 6
40 - 49 11 3 16 1 11 3 1 3 5 2 10 3
50 - 59 7 2 5 1 5 1 1 1 3 1 6 1
60 &
Above
3 1 1 1 2 0 0 1 0 0 3 1
Total 61 39 71 29 57 43 20 80 49 51 54 46
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demonstrate that young people, particularly women,
below 30 years are over represented in self harm [18-
23]. This trend is very evident in our study; teenage girls
(12–19) accounted for 21% of all poisonings. The popu-
lation incidence for females aged 15 to 19 years (1226/
100,000) was approximately three times higher than that
for males in this age group (465/100,000). This has also
been observed in other studies; for example, in the Uni-
ted States of America (270.8 vs. 98.6/100,000) [21], Aus-
tralia (375 vs. 159/100,000) [15], and Scotland (673 vs
365/100,000) [24]. Although female/male ratio in this
study was similar to these other countries, the actualTable 4 Variation in case-fatality of poisoning according to d
Anuradhapura District of Sri Lanka - September 2008 to Janu
Poisoned Patients (n)
Age Groups
12 - 19 1100
20 - 29 1364
30 - 39 607
40 - 49 416
50 - 59 210









Other & unknown poison± 1059
Total 3813
* Organophosphate.
± All other poison types including hydrocarbons, chemicals, plant substances and upopulation incidence of poisoning of people aged 15 to
19 years in this area appears to be the highest reported.
The reasons for the observed higher population inci-
dence in Sri Lanka were not within the scope of this
study. Previous research in other settings in Sri Lanka
[25-27] has suggested that self-poisoning is frequently
impulsive [28,29] and not associated with psychiatric ill-
nesses. Alcoholism, relationship and financial difficulties,
family disputes, physical and psychological abuse were
identified as the main reasons for attempting self
poisoning [25,27]. These studies have not focused
exclusively on young adults and adolescents who have
self-poisoning. In the UK, this group indicated thatemographic group and poison type. Data from
ary 2010

















Table 5 Comparison of the type of poison used in self-poisoning in July- December 2005 and July-December 2009.
Data from a subset of 28 hospitals in Anuradhapura district in Sri Lanka
In 2005 In 2009
Type of poisoning n (%) n (%) Difference of Proportions (95% CI)
Organophosphates 138 (18.6) 116 (15.1) −3.5 (−7.3 to 0.3)
Carbamates 36 (4.9) 35 (4.6) −0.29 (−2.4 to 1.8)
Other & Unknown pesticides 196 (26.4) 177 (23.0) −3.4 (−7.7 to 1.0)
Paraquat 18 (2.4) 18 (2.3) −0.08 (−1. 6 to 1.5)
Medicinal drugs 83 (11.2) 138 (17.9) 6.8 (3.2 to 10.3)
Oleander 100 (13.5) 74 (9.6) −3.8 (−7.16 to −0.6)
Hydrocarbon 54 (7.3) 38 (4.9) −2.3 (−4.7 to 0.09)
Other poison types± 120 (16.2) 173 (22.5) 6.3 (2.4 to 10.3)
Total 743 769
± All other poison types including hydrocarbons, chemicals, plant substances and unknown poison types.
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the main reasons and they used the act to alleviate or
demonstrate the their distress [30,31].
The large increase in medicinal poisoning over a short
period is the most remarkable aspect of the change in
self poisoning behaviour in these communities.
Increased awareness within the community through
media reports or other means of communication has
previously led to other rapid changes in the types of poi-
soning [8,32]. Common medicines such as paracetamol
have been available in rural households for decades, pro-
vided as part of free health care in the country and avail-
able from local grocery shops without limitation [33].
Therefore availability alone does not seem sufficient rea-
son for the recent changes in the use of these drugs in
self poisoning.
There has been a compensatory decrease in oleander
poisoning. As pharmaceutical poisonings have a much
lower mortality (Table 4) the changing pattern of ingestion
may reduce the harm from self-poisoning. However, these
changes have implications when allocating treatment
resources and developing health policy for treatment
guidelines. For example most cases of paracetamol poison-
ing can be successfully treated in a peripheral hospitals
with antidotes such as methionine or N- acetylcysteine
thereby reducing expensive hospital transfers to secondary
care hospitals [9]. Paracetamol poisoned patents who
present within 10 hours of ingestion can be treated with
methionine [34]. However, this requires the antidotes to
be made available in these peripheral hospitals.
Government and public health authorities also need to
include drug safety and community education components
to the existing awareness programs. Other strategies, such
as restricting package size, or limiting the availability of
non-prescription medicines like paracetamol could be
implemented to reduce the severity of acute poisoning.Limitations
The observational data collected on patients was col-
lected in the context a cluster RCT of brief educational
interventions to hospital staff members to promote ad-
herence to poisoning treatment guidelines. As the RCT
had no components directed to the community there
would be no expected effect on the incidence of poison-
ing in the community. The effects of the educational
intervention if successful on mortality would likely be
small and not have a substantial impact on the estimates
of mortality reported in this paper.
In the referral hospital data was only collected for
patients who were 12 years or above. The population
data from the Department of Statistics are only available
in five year age groups and has population for 10 – 14
year age group. The lack of complete poisoning data
from children aged 10 and 11 years meant we could not
calculate an exact population incidence for the 10 – 14
years age group. As there was a high incidence in 15–19
year age group it was important to make an estimate of
incidence in the 12–14 year age group as this would be
valuable in planning the timing of delivery of public
health interventions. As there is population data for the
10–14 year age groups, we assumed that these popula-
tions are evenly distributed in all ages and used an esti-
mated population for the calculation of population
incidence 12 to 14 year age group.
The incidence of pesticide poisoning can change in
different quarters of the year due to the season-specific
agricultural activities, which have a direct relationship
with pesticide availability [6,12,28]. As all of these areas
are irrigated this minimizes seasonal impact on variation
in agriculture practices and by extension variation in
pesticide use which is dictated by the type of agriculture.
The predominant agriculture in this region is paddy rice
and domestic vegetables. With the availability of water
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months, rice is grown year round. Therefore the data
collection period to describe the epidemiology and pat-
tern of poisoning should ideally be long enough not to
be affected by short term seasonal variations. The 17
months data collection period used for this study should
have minimized but not completely removed such po-
tential biases.
However, a key strength of this study was that (unlike
most previous studies in Sri Lanka) it described the epi-
demiology and patterns of poisoning in a complete district
or a geographic patient catchment area that included all
the hospitals in the area. The Sri Lankan public health
care network is a well established and there is a hospital
for every 3–4 villages. As we found no evidence of out of
hospital deaths from poisoning in coroner or police
records it seems likely that most severe cases present to
hospital. It is possible that less severe poisonings may not
present to hospital and that our population estimates for
poisoning may be an underestimate.
The agricultural patterns, health care network and
socio-economic status in this district are similar to other
rural areas in the country. This is more evident due to the
smaller size of the country – Sri Lanka is a small country
with 65610 square kilometres. Therefore we believe the
epidemiological data from this study is generalizable to
other rural areas of the country. And also, it is likely to be
generalizable to other developing countries areas that are
primarily agriculturally based. These data provided the op-
portunity to more accurately calculate the rural population
incidence of poisoning with different substances and in
different age and gender groups.
Conclusions
Acute poisoning remains a major public health problem
in rural Sri Lanka and pesticide poisoning remains the
most important poison. However, cases of medicinal
drug poisoning have recently dramatically increased.
Youth in these rural communities remain very vulner-
able to acute poisoning; The cumulative incidence of
poisoning for females as they move through late adoles-
cence appears on these figures to be around 6% (as repe-
tition rates are very low [35]). This represents a very
high risk group who should be targeted in primary pre-
vention programs. A school based intervention to ad-
dress the issues leading to self poisoning might even be
effective in this setting.
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